To determine surgical risk in nursing home residents undergoing major abdominal surgery. Background: Recent studies suggest that surgery can be performed safely in the very old. Surgical risk in nursing home residents is poorly understood. Methods: We used national Medicare claims and the nursing home Minimum Data Set (1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006) to identify nursing home residents undergoing surgery (surgery for bleeding duodenal ulcer, cholecystectomy, appendectomy, and colectomy, n = 70,719). We compared operative mortality and use of invasive interventions (mechanical ventilation, intravascular hemodynamic monitoring, feeding tube placement, tracheostomy, and vena cava filters) among nursing home residents to rates among noninstitutionalized Medicare enrollees age 65 and older undergoing the same procedures. (n = 1,060,389). We adjusted for patient characteristics using logistic regression. Results: Operative mortality among nursing home residents was substantially higher than among noninstitutionalized Medicare enrollees for all procedures (surgery for bleeding duodenal ulcer, 42% versus 26%, adjusted odds ratio (AOR) 1.79; colectomy, 32% versus 13%, AOR 2.06; appendectomy, 12% versus 2%, AOR 3.27; cholecystectomy, 11% versus 3%, AOR 2.65; P < 0.001 for all comparisons). Overall, invasive interventions were more common among nursing home residents than controls (ranging from 18% and 5%, respectively, for cholecystectomy to 55% and 43%, respectively, for surgery for bleeding duodenal ulcer, P < 0.0001 for all comparisons). Conclusions: Nursing home residents experience substantially higher rates of mortality and invasive interventions after major surgery than other Medicare beneficiaries that are independent of age and measured comorbidities. Our data suggest that the risks of major surgery are substantially higher in nursing home residents and this information should inform decisions of physicians and patients and their families. (Ann Surg 2011;254:921-926) P ublished studies suggest that major surgery can be performed safely in the very old. 1,2 Single center case series report outcomes after surgery in older patients similar to that observed in younger patients. 3, 4 Although these data show that surgery can be performed safely and with low mortality rates among selected very old persons, it is unknown whether these favorable outcomes apply widely because there is limited population-based evidence about From the
surgical outcomes in the elderly. Recent population-based evidence from Washington State found that 90-day mortality after major abdominal surgery rose markedly with age, from 2.5% in those age 65 to 69 years to 16.7% in those age 90 years or older. 5 These studies, however, did not specifically address risk in the most vulnerable old-nursing home residents.
Nursing home residents are a large and vulnerable population. They represent approximately 5% of people age 65 years and older at any time and it is estimated that more than one-third of people age 70 years and older will spend some time in a nursing home before they die. 6 Nonetheless, morbidity and mortality after major surgery for common surgical diseases in nursing home residents have not been studied. It is difficult, therefore, for physicians, patients, and their families to make informed decisions when faced with a diagnosis for which surgery is generally recommended for younger, healthier patients. Population-based data about operative risk is essential to provide realistic expectations for surgical outcomes. Such data also could prompt providers to consider less invasive therapeutic options such as antibiotic therapy alone for acute appendicitis.
To evaluate outcomes after major surgery among elderly nursing home residents, we determined operative mortality and the rates of use of secondary invasive interventions after major surgery among all Medicare beneficiaries age 65 years or older. We then compared outcomes among nursing home residents to outcomes for other Medicare beneficiaries undergoing the same procedures, adjusting for patient characteristics.
METHODS

Study Population
We used ICD-9 procedure and diagnosis codes in the Medicare Inpatient Files to identify all Medicare beneficiaries age 65 years or older who underwent surgery from 1999 to 2006 for bleeding duodenal ulcer, colectomy for benign colon diseases (eg, diverticulitis, volvulus, ischemic colitis), cholecystectomy for benign biliary disease, and appendectomy for appendicitis. These procedures were selected because they were frequently performed in nursing home residents (over 1000 performed over the study period) and are associated with substantial morbidity and mortality in the elderly. To increase the homogeneity of our cohort, we included only patients undergoing surgery for benign disease, excluding patients with a diagnosis code for cancer (eg, patients undergoing colectomy with a diagnosis code for cancer were excluded). Beneficiaries were classified as long-term nursing home residents if they underwent 2 consecutive assessments for the Minimum Data Set for Nursing Homes (MDS) within 6 months before surgery. The MDS is a standardized assessment administered quarterly for all residents of nursing homes participating in Medicare or Medicaid programs. Beneficiaries were classified as not nursing home residents if they did not undergo any MDS assessment before their surgery. Patient demographic data were obtained from the Medicare Denominator File. Using methods described by Elixhauser et al, we identified patient comorbidities in the MEDPAR file from the index admission. 7
Assessement of Outcomes
Our primary outcome measure was operative mortality. We defined operative mortality as the percentage of patients experiencing either death within 30 days of surgery (including patients discharged alive before 30 days who subsequently died within 30 days of the index surgery) or death during the hospitalization in which the index surgery was performed (even if more than 30 days postoperatively). Death after hospital discharge was ascertained from the Medicare Denominator File for nursing home residents and the noninstitutionalized Medicare population. Secondary invasive interventions-mechanical ventilation, bronchoscopy, placement of feeding tubes and tracheostomies, intravascular hemodynamic monitoring, and vena cava filter placement-were identified using ICD-9 codes in the Medicare Inpatient File.
Statistical Analysis
To assess the impact of nursing home resident status on operative outcomes, we used logistic regression techniques to determine risk ratios of operative mortality and the use of invasive in-hospital interventions among nursing home residents and in the noninstitutionalized Medicare population, adjusting for age, sex, race (black and non-black), admission acuity (elective or urgent/emergent), year of hospital admission, and patient comorbidities. We then explored the impact of age and comorbidity on operative mortality by stratifying mortality by age and comorbidity for each procedure for nursing home residents and the general Medicare population.
To further control for potential unmeasured confounders associated with operative mortality, we performed a propensity scorestratified analysis. Using stepwise logistic regression analyses, we identified patient characteristics associated with nursing home residence. We constructed a propensity score predicting nursing home residence on the basis of age, gender, race, admission acuity, and comorbidity. The predictive ability of the final model as measured by the c statistic ranged from 0.66 for the bleeding duodenal ulcer surgery cohort to 0.79 for appendectomy cohort. We then created FIGURE 1. Operative mortality among nursing home residents and noninstitutionalized elderly medicare enrollees, by procedure type.
a study cohort containing each nursing home resident undergoing a procedure of interest matched to one noninstitutionalized elders undergoing the same procedure on the basis of propensity score. With this cohort, we used logistic regression to assess the impact of nursing home residency on outcomes.
All statistical tests were 2-tailed and P < 0.05 was considered statistically significant. Statistical analysis was performed using SAS software (SAS Institute, Cary, NC, USA). The Institutional Review Board at the University of California, San Francisco approved this study protocol.
RESULTS
Patient Characteristics
Between 1999 and 2006, 70,719 nursing home residents and 1,060,389 patients in the noninstitutionalized Medicare population Figure 1 shows unadjusted rates of operative mortality in nursing home residents and noninstitutionalized elderly Medicare enrollees. For procedures with very low mortality risk in noninstitutionalized Medicare enrollees, cholecystectomy and appendectomy, operative mortality was high in the nursing home population-11% after cholecystectomy (vs. 3%, adjusted odds ratio [AOR] 2.65, 95% confidence interval [CI] 2.56-2.75) and 12% after appendectomy (vs. 2%, AOR 3.27, 95% CI 2.81-3.81). Among nursing home residents undergoing surgery for benign colon disease, operative mortality was nearly 3-fold higher than among noninstitutionalized elderly Medicare enrollees-32% versus 13%, respectively (AOR 2.06, 95% CI 1.99-2.12). Operative mortality after surgery for bleeding duodenal ulcer was very high in nursing home residents-42% (vs. 26% among noninstitutionalized Medicare enrollees, AOR 1.79, 95% CI, 1.63-1.96).
Operative Mortality
Operative mortality varied widely by age and comorbidity count for all 4 procedures (Table 2) . Nonetheless, for nearly every age-comorbidity stratum, mortality was significantly higher (P < 0.01) for nursing home residents than for noninstitutionalized elders. In the propensity score analysis, operative mortality among nursing home residents was substantially higher than among matched noninstitutionalized Medicare enrollees for all 4 procedures (Table 3) . For cholecystectomy and appendectomy, operative mortality in nursing home residents was more than double that of noninstitutionalized Medicare patients (11% vs. 5%, P > 0.0001). Although operative mortality was high among matched community dwelling elders after colectomy (18%) and surgery for bleeding duodenal ulcer (30%), it was still significantly lower that mortality rates observed in the nursing home population (32% and 42%, respectively, P > 0.0001 for both comparisons).
Secondary Invasive Interventions
Patients admitted from nursing homes were significantly more likely to undergo secondary invasive interventions during their surgical hospitalization than noninstitutionalized Medicare patients ( Table 4 ). Rates of invasive interventions among nursing home resident ranged from 18% after cholecystectomy to 55% after surgery for bleeding duodenal ulcer. Among noninstitutionalized Medicare patients, invasive interventions were less frequent-ranging from 5% after cholecystectomy to 43% after surgery for bleeding duodenal ulcer. In general, rates of invasive interventions were very high among patients who died-over 40% for most procedures in both nursing home residents and noninstitutionalized Medicare patients. Among nursing home residents who survived surgery, rates of secondary invasive interventions were nearly threefold higher for cholecystectomy (15% vs. 5%; AOR 2.84, 95% CI 2.75-2.93) and appendectomy (18% vs. 6%; AOR 2.48, 95% CI 2.19-2.82) and over 50% higher for colectomy 41% versus 22% (AOR 1.77, 95% CI 1.71-1.83) and bleeding duodenal ulcer surgery (49% vs. 36%; AOR 1.56, 95% CI 1.43-1.84) compared to noninstitutionalized Medicare patients.
Life sustaining interventions were much more frequent in nursing home residents than in the general Medicare population. Compared to the noninstitutionalized Medicare population, nursing home residents were approximately twice as likely to undergo prolonged mechanical ventilation (>96 hours) for all 4 conditions examined-13% versus 10% (AOR 1.49, 95% CI 1.30-1.69) for surgery for bleeding duodenal ulcer; 9% versus 4% (AOR 1.89, 95% CI 1.80-1.98) for colectomy; 3% versus 0.8% (AOR 2.01, 95% CI 1.50-2.68) for appendectomy; and 2% versus 0.7% (AOR 2.57, 95% CI 2.38-2.78) for cholecystectomy. Operative and percutaneous placement of feeding tubes was substantially higher among nursing home residents. Feeding tubes were used most frequently in nursing home residents undergoing surgery for bleeding duodenal ulcer (18%) and benign colon conditions (9% vs. 12% [AOR 1.52, 95% CI 1.35-1.71] and 3% [AOR 2.25, 95% CI 2.14-2.37) among noninstitutionalized elderly Medicare enrollees). Although feeding tubes were used in only 3% of nursing home residents undergoing appendectomy and cholecystectomy, they were used more frequently than among noninstitutionalized Medicare enrollees undergoing the same procedures (0.3% [AOR 5.50, 95% CI 4.08-7.40] and 0.5% [AOR 4.86, 95% CI 4.53-5.21], respectively). Tracheostomy placement after surgery was relatively infrequent-less than 2% in both populations for all 4 procedures.
Rates of other invasive interventions were generally low. Fewer than 2% of nursing home residents underwent inferior vena cava (IVC) filter placement for all 4 procedures examined (Table 4 ). IVC filters, however, were less frequently used among noninstitutionalized elderly Medicare enrollees undergoing the same procedures, ranging from 0.1% for appendectomy (AOR 3.59, 95% CI 1.81-7.11) and 0.8% for surgery for bleeding duodenal ulcer (AOR 1.91, 95% CI 1.30-2.80).
Nursing home resident status was associated with increased use of invasive hemodynamic monitoring. Over 30% of nursing home residents undergoing duodenal ulcer surgery and colectomy underwent central venous catheterization ( 
DISCUSSION
In this national study of surgical outcomes for elderly nursing home patients, we found that operative mortality among nursing home residents is substantially higher than observed among noninstitutionalized elderly Medicare enrollees, even after correcting for traditional risk factors such as age and comorbidity. Even for typically "low risk" procedures such as appendectomy and cholecystectomy, more than 1 in 10 nursing home residents die postoperatively. For most procedures examined, a 65-year-old patient admitted from a nursing home had an operative mortality risk similar to that of an 85-year-old patient admitted from the community. Moreover, although stepwise increases in operative mortality with increasing comorbidity burden were observed in the noninstitutionalized elderly Medicare population, comorbidity was not prognostic in nursing home residents. These data suggest that surgical risk calculations should be very different for nursing home patients than for noninstitutionalized elders. We also found that nursing home residents were more likely than noninstitutionalized Medicare enrollees to undergo ad- hospitalization. The use of life sustaining interventions-prolonged mechanical ventilation and feeding tube placement-was substantially higher in nursing home residents than among noninstitutionalized elderly Medicare enrollees. Differences in intervention rates were most dramatic among patients who survived surgery, indicating that nursing home residents require far more "rescue procedures" than noninstitutionalized Medicare to survive surgery.
To our knowledge, this is the first population-based study to examining surgical risk in nursing home residents. Small studies have examined surgical outcomes in long stay nursing home residents. Zenilman et al performed a study of surgical interventions in a cohort of 153 nursing home patients undergoing general and vascular surgery. 8 Morbidity and 30-day mortality for this cohort were high, 18% and 10%, respectively. This analysis, however, was limited to patients at a single institution. Moreover, the majority of interventions (66%) were minor procedures (incisional biopsy, debridement of pressure ulcers). We found that mortality rates after major surgery are substantially higher than have been previously reported in the elders in published case series. Single center studies have suggested that surgery is safe in the very old. For instance, in a study of operative mortality after cholecystectomy, Annamaneni et al report zero mortality among octogenarians (without describing the percentage who were nursing home residents). 9 A recent single center series examining operative mortality in multimorbid elders undergoing appendectomy found no association between comorbidity burden and operative mortality, but again results for nursing home residents were not reported. However, single center case series may be more likely to be submitted and published if observed mortality is low. For this reason, we believe that our population-based analysis provides more realistic risk estimates for elders undergoing gastrointestinal surgery. Our findings are consistent with previously published populationbased analyses that have reported high morbidity and mortality after major surgery in very old patients, 10, 11, 12 but suggest that even nursing home patients in the 65 to 74 age range may do as poorly as the very elderly.
This study has several limitations. Although we used standard approaches to risk adjustment with administrative data, administrative data may not include sufficient clinical detail to fully account for differences in patient characteristics. For this reason, we may have underestimated the contribution of patient comorbidity to the observed high mortality. Furthermore, it is difficult to determine severity of illness using claims data. In this study, however, we found that comorbidity predicted operative mortality in noninstitutionalized patients. In addition, a propensity score analysis to control for propensity for nursing home residence yielded similar results. Our analysis includes outcomes for common diseases that most often present for urgent or emergent surgery. Our observed mortality rates in both populations studied are likely to be substantially higher than for elective surgery. For this reason, caution should be used when extrapolating our results to elderly undergoing less risky, elective surgery. Finally, because we were limited to Medicare claims data for the noninstitutionalized patients, we were unable to assess other outcomes that are important in elders such as functional status.
Our study has important implications for the delivery of surgical care in the growing population of elders. High surgical risk in nursing home residents raises questions about the optimal treatment of "surgical diseases" in nursing home residents. For truly lifethreatening conditions, surgical risk observed in our study is not high enough to suggest that surgery is futile-over half of nursing home residents' age 85 and older survive major surgery. There is evidence that patients with limited life expectancy are willing to undergo highrisk procedures if there is a chance of an eventual return to baseline functioning. 13 Use of less invasive therapies, however, may improve outcomes after treatment for these conditions in this population. For example, antibiotic therapy may be a safer treatment for appendicitis in multimorbid patients-an approach commonly used outside the United States. 14, 15 Percutaneous aspiration or cholecystostomy tube placement may be preferable options for patients with acute cholecystitis and high surgical risk. Aggressive endoscopic treatment or embolization of bleeding duodenal ulcers in this population may be a more appropriate approach than operative therapy. Similarly, selective use of endoluminal stents for large bowel obstruction may be an effective option in a patient with limited life expectancy. These interventions, however, have not been well studied in the elderly and further research is needed to determine whether less invasive interventions will result in improved outcomes in this population. Information about mortality risk and the likelihood of secondary invasive interventions after surgery will also help patients and caregivers set realistic expectations for surgical outcomes. Knowledge of expected outcomes can help patients and physicians anticipate and prepare for difficult care decisions about life sustaining interventions after surgery.
In conclusion, operative mortality and rates of secondary interventions are much higher among nursing home residents undergoing major surgery in the United States than reported in previous studies of surgical outcomes among the elderly. Moreover, unlike noninstitutionalized elderly patients, observed differences in surgical risk cannot be entirely explained by advanced age and comorbidity burden. These data should be used to inform clinical decision-making about surgical versus nonsurgical approaches to treating the conditions studied and to focus efforts on improving outcomes in this vulnerable population.
